Prematurity is the most important risk factor predisposing to neonatal respiratory distress syndrome (RDS). Genetic factors are likely to contribute to the risk of this complex disease. The present study was designed to investigate whether the surfactant protein B (SP-B) gene or interaction between the SP-A and SP-B genes has a role in the genetic susceptibility to RDS. The genotype analyses were performed on 684 prematurely born neonates, of whom 184 developed RDS. Of the two SP-B polymorphisms genotyped, the Ile131Thr variation affects a putative N-terminal Nlinked glycosylation site of proSP-B and the length variation of intron 4 has previously been suggested to associate with RDS. Neither of the two SP-B polymorphisms associated directly with RDS or with prematurity. Instead, our data show that the previously identified association between SP-A alleles and RDS was dependent on the SP-B Ile131Thr genotype. On the basis of χ 2 and logistic regression analyses, the SP-A allele, haplotype and genotype distributions differed significantly between the RDS infants and controls only when the SP-B genotype was Thr/Thr. Among the infants born before 32 weeks of gestation and having the SP-B genotype Thr/Thr, the SP-A1 allele 6A 2 was over-represented in RDS group compared with controls (P = 0.001, OR = 4.7, CI 1.8-12.2). In the same comparison, the SP-A1 allele 6A 3 was under-represented in RDS (P = 0.001, OR = 0.2, CI 0.1-0.6). We propose that the SP-B Ile131Thr polymorphism is a determinant for certain SP-A alleles as factors causing genetic susceptibility to RDS (6A 2 , 1A 0 ) or protection against it (6A 3 , 1A 2 ).
INTRODUCTION
Neonatal respiratory distress syndrome (RDS) is the major cause of mortality and morbidity in premature infants. The disease is characterized by respiratory failure and deficient gas exchange. It is caused by a deficiency of pulmonary surfactant, a complex lipoprotein mixture produced by type II alveolar epithelial cells (1) (2) (3) (4) . The main function of the surfactant is to stabilize the alveoli throughout the respiratory cycle, thus preventing alveolar collapse at the end of expiration (5) . Surfactant is composed of ∼90% phospholipids and 10% surfactant proteins (SP-A, SP-B, SP-C and SP-D) (6) . The incidence of RDS has decreased significantly due to prophylactic antenatal glucocorticoid treatment (7) . Prematurity is the most important factor predisposing to RDS and race and gender additionally contribute to the risk of the disease (8, 9) . Furthermore, as suggested on the basis of a twin study and some other epidemiologic reports, genetic factors are assumed to have a role in the aetiology of RDS (10) (11) (12) . However, the specific genes underlying this susceptibility are incompletely known. The most promising candidates studied so far are the genes coding for the lung-specific protein components of the surfactant, especially those coding for SP-A and SP-B (13, 14) . On the whole, the aetiology of RDS is considered multifactorial and possibly multigenic.
The major surfactant protein, SP-A, is a hydrophilic collagenlike lectin that improves the surface activity of the surfactant complex and has a role in pulmonary host defence (15) (16) (17) . Surprisingly, SP-A deficiency does not result in respiratory failure in newborn mice (18) . The human SP-A is encoded by two highly homologous genes (SP-A1 and SP-A2) each spanning ∼5 kb in chromosome 10q22-q23 (19) and both genes are needed for fully functional mature SP-A protein (19) (20) (21) . Several alleles that differ by a single amino acid have been identified for each SP-A gene (22) (23) (24) . An association of SP-A alleles with the risk of RDS was recently reported among premature Finnish infants (25) .
SP-B is a lung epithelial cell-specific secreted hydrophobic protein, which has an essential role in normal lung function (6, 26, 27) . It accelerates the rate of adsorption and spreading of surfactant phospholipids into the air-liquid interface. SP-B mRNA appears as early as the 14th gestational week in the human fetal lung (28) and after 25 weeks of gestation SP-B mRNA and protein are co-localized in terminal airways and type II epithelial cells (27, 29) . In human neonates, hereditary SP-B deficiency caused by a frameshift mutation 121ins2 results in a fatal respiratory disease known as congenital alveolar proteinosis (30) . Targeted disruption of the SP-B gene leads to neonatal death due to severe respiratory failure in homozygous SP-B -/-mice (31) .
The human SP-B gene on chromosome 2p12-p11.2 consists of 11 exons and spans a region of ∼10 kb (32, 33) . The gene encodes a saposin-like glycoprotein precursor of 381 amino acids, which is proteolytically cleaved and processed to give rise to mature SP-B that is secreted to the epithelial lining of alveoli. SP-B is essential for the structural integrity of type II pneumocytes and for normal intracellular processing of the surfactant complex (31) . The monomer of this hydrophobic dimeric protein contains 79 amino acids encoded by exons 6 and 7. The SP-B gene is known to be polymorphic (13, 34, 35) . Length variation in intron 4 of the SP-B gene (SP-B ∆i4) has been proposed to associate with RDS both independently (13) and in combination with an SP-A allele (14) in certain subgroups of infants. The studies on possible allelic association of the SP-B gene ∆i4 polymorphism with RDS were complicated by racial differences in the allelic distributions and by the heterogeneity and small sample size of the study populations. Specifically, no difference was observed in SP-B ∆i4 distributions between RDS cases and controls in a racially matched sample (36) . On the basis of SP-B cDNA sequence data, the human genomic DNA sequence varies in the last codon of exon 4 (35) . The position of this C/T nucleotide difference that leads to Ile131Thr variation in the SP-B precursor protein is ∼120 bp upstream of the ∆i4 polymorphism.
The present study was undertaken to determine whether the SP-B gene associates with neonatal RDS in Finland. The two SP-B polymorphisms were evaluated for any association with RDS or prematurity in a large and racially homogenous population sample. Furthermore, the SP-A and SP-B genotype data were combined in order to examine whether these unlinked gene loci associate interactively with the risk of RDS.
RESULTS
DNA samples from 184 prematurely born RDS infants and 500 premature control infants (Table 1) were available for genotype analysis of the SP-B Ile131Thr single nucleotide polymorphism, SP-B ∆i4 length polymorphism and SP-A1 and SP-A2 genotypes. As a reference population, 475 infants born at term were genotyped as well. Occasional failure in genotyping caused slight variation in the number of cases analysed.
SP-B Ile131Thr and ∆i4 polymorphism in the Finnish population
The last codon of SP-B gene exon 4 showed a single nucleotide polymorphism T/C, encoding amino acid variation Ile131Thr. In term infants, the allele frequencies were 54% Ile and 46% Thr and the genotype frequencies were 29% Ile/Ile, 50% Ile/Thr and 21% Thr/Thr. None of the subgroups of premature infants in the study population differed significantly from these distributions.
SP-B intron 4 is composed of different short, 1-24 bp sequence motifs separated by 3-14 (CA) n repeats (Table 2 ) (32). Allelic variation results from deletion or insertion of one or several motif-(CA) n sequence stretches at conserved cutpoints (13) . The ∆i4 alleles in the present study population are shown in Table 3 . They differed from the previously published nucleotide sequences. There were minor variations in the number of (CA) n repeats, both within and between the variant classes. Instead of GAG, the motif 10 was always G. The insertion variants did not contain insertion motifs similar to those previously described, but consisted of various duplications of the preceding motifs. Altogether 10 length variant classes were found in the present study (Table 3 ). The most common ∆i4 fragment (size ∼513 bp) was denoted as the invariant allele. The deletion variants of four different size classes were pooled together as the deletion allele, and the insertion variants of four different sizes were pooled together as the insertion allele. Additionally, one variant that occurred at a very low frequency consisted of a combination of an insertion and a deletion. The Finnish SP-B ∆i4 allele frequencies were similar to those reported for Caucasians, but remarkably different from the frequencies seen in African-American and Nigerian populations (36). Linkage disequilibrium between SP-B Ile131Thr and ∆i4 polymorphisms SP-B Ile131Thr-∆i4 haplotype analysis revealed linkage disequilibrium between the two SP-B polymorphisms, as determined by deviation of the observed haplotype distribution from the expected haplotype distribution (P < 0.0001) ( Table 4 ). This was evident as nearly complete linkage disequilibrium for the ∆i4 variant alleles: the insertion variants always had T (encoding Ile) and 97% of the deletion variants had C (encoding Thr) in this position. The invariant ∆i4 allele showed less linkage disequilibrium with the Ile131Thr polymorphism.
Lack of allelic or genotype association of SP-B Ile131Thr and ∆i4 polymorphisms with RDS or prematurity
Neither of the SP-B polymorphisms differed in allele distribution between the RDS cases and premature controls or between the premature and term infants (Table 5 ). An analysis of the subgroups according to the known risk (severe prematurity, male sex) or protective (prenatal maternal glucocorticoid treatment) factors revealed no trends towards any allelic associations between SP-B and RDS and the observed genotype distributions did not deviate from the Hardy-Weinberg equilibrium in any of the subgroups studied (Table 5 ) (data not shown). The SP-B Ile131Thr-∆i4 haplotype frequencies did not differ between the various infant subgroups, either. This indicates that the observed linkage disequilibrium between the two SP-B polymorphisms was not dependent on RDS status or the degree of prematurity.
Influence of SP-B genotypes on association between SP-A alleles and RDS
Several SP-A alleles (Table 6 ) are potential predisposers to (6A 2 , 1A 0 ) or protectors from (6A 3 , 1A 1 , 1A 2 ) RDS in very premature infants born before 32 weeks of gestation (25) . The present study also showed differences in SP-A allele frequencies between the RDS and control infants born before 32 weeks of gestation, but not if the gestational age was higher (data not shown). When the infants who developed RDS despite antenatal corticosteroid therapy (i.e. infants unresponsive to steroid treatment and thus prone to RDS) were compared with those who were protected from RDS (no RDS despite severe prematurity and a lack of steroid prophylaxis), a difference was observed for both SP-A genes. The frequency of the SP-A1 allele 6A 2 in the steroid, RDS group (n = 83) compared with the no-steroid, no-RDS group (n = 14) was 69 versus 36% (P = 0.0006; OR = 4.1, CI 1.8-9.4). Correspondingly, the SP-A1 allele 6A 3 frequency was 19% in RDS versus 57% in controls (P < 0.0001; OR = 0.2, CI 0.1-0.4). The SP-A2 allele frequencies were different as well. In the steroid, RDS group, the 1A 0 frequency was higher (P = 0.008) and the 1A 1 frequency lower (0.022) than in the nosteroid, no-RDS group. In agreement with previous data (22) , linkage disequilibrium between the SP-A1 and SP-A2 genes was evident in the present study (data not shown). A report of another population sample suggested that the presence of any SP-B ∆i4 variant strengthened the association between the SP-A2 allele 1A 0 and RDS (14) . In the present population, SP-A allelic association with RDS was dependent on the SP-B Ile131Thr genotype (Table 7) . However, the association was not dependent on the SP-B ∆i4 deletion variant, despite the strong linkage disequilibrium between the Thr and ∆i4 deletion alleles. Premature infants showed a significant difference in the SP-A1 and SP-A2 allele and haplotype frequencies between the RDS cases (n = 176) and controls (n = 491) if the SP-B genotype was Thr/Thr, but no significant difference if the genotype was Ile/Ile or Ile/Thr ( Table 7) .
The main outcome of the homogeneity of odds ratio (HOR) tests (P < 0.05) showed the presence of effect modification by the SP-B Ile131Thr genotype (HOR test P = 0.056, 0.014, 0.039, 0.27, 0.029 and 0.015 for frequencies of 6A 2 , 6A 3 , 1A 0 , 1A 2 , 6A 2 -1A 0 and 6A 3 -1A 2 , respectively) and gestational age (P = 0.032, 0.043, 0.039, 0.56, 0.015 and 0.46 for frequencies of 6A 2 , 6A 3 , 1A 0 , 1A 2 , 6A 2 -1A 0 and 6A 3 -1A 2 , respectively). Accordingly, the data were analysed separately for premature infants born before and after 32 weeks of gestation. Among the infants born before 32 weeks, the SP-B Ile131Thr genotype defined the cases with significant association between the SP- Table 3 . SP-B intron 4 alleles and their frequencies in the Finnish population a Approximate size; (CA) n repeat numbers may vary in the positions shown in Table 2 . b m, sequence motifs (as described in Table 2 A alleles and RDS (Fig. 1) . On the contrary, regardless of the SP-B Ile131Thr genotype, no association was evident between the SP-A alleles and RDS among the premature infants born after 32 weeks (Fig. 2) . The exact test for homogeneity of odds ratios (HOR test) also showed a profound effect modification by the SP-B Ile131Thr genotype in very premature infants (P = 0.011, 0.006, 0.017, 0.15, 0.010 and 0.019 for frequencies of 6A 2 , 6A 3 , 1A 0 , 1A 2 , 6A 2 -1A 0 and 6A 3 -1A 2 , respectively).
The SP-B Ile131Thr genotype-dependent association was further supported by a comparison with the homozygous genotype frequencies in the RDS infants and controls. The genotypes 6A 2 /6A 2 and 1A 0 /1A 0 were over-represented in RDS when the SP-B genotype was Thr/Thr (frequencies for 6A 2 / 6A 2 , 54.5% in RDS versus 33.9% in controls and, for 1A 0 /1A 0 , 53.5 versus 33.0%; P = 0.019 and 0.020, respectively). For 6A 3 /6A 3 , a trend was observed (4.5% in RDS versus 14.7% in controls; P = 0.078). Among the infants born before 32 gestational weeks: for the SP-B genotype Thr/Thr, the 6A 2 /6A 2 genotype frequencies were 65.4% in RDS versus 23.5% in controls (P = 0.007), the 6A 3 /6A 3 genotype frequencies 3.8 versus 23.5% (P = 0.071) and the 1A 0 /1A 0 genotype frequencies 68.0 versus 23.5% (P = 0.005). No significant differences were detected in the homozygous SP-A genotype frequencies between the RDS infants and controls when the SP-B genotype was Ile/Ile or Ile/Thr, or when gestational age was above 32 weeks (data not shown). Logistic regression models were used to determine whether the heterozygosity or homozygosity of SP-A alleles influences the odds of RDS. A homozygous 6A 2 / 6A 2 genotype increased and a homozygous 6A 3 /6A 3 genotype decreased the odds of RDS, when SP-B genotype was Thr/Thr (Table 8) . When the SP-B genotype was Ile/Ile or Ile/Thr, the homozygous SP-A genotypes had no detectable effects on the odds of RDS (Table 8) . With the Ile/Ile genotype, the heterozygous SP-A 6A 2 /X genotype was unexpectedly associated with the odds of RDS (Table 8) . This is possibly due to a nonsignificant trend towards over-representation of the allele 6A 2 among RDS infants born after 32 weeks of gestation. This association disappeared when the regression analysis was performed only on infants born before 32 weeks of gestation, whereas the association of homozygous 6A 2 /6A 2 and 6A 3 /6A 3 genotypes in Thr/Thr group persisted (data not shown). Therefore, the association between the heterozygous SP-A 6A 2 /X genotype and RDS was probably due to type I error.
DISCUSSION
The present study was designed to determine whether the SP-B gene or the interaction between the SP-A and SP-B genes have roles in susceptibility to RDS in a racially homogenous population of 683 premature infants including 183 with RDS. This is the first population-based report of the SP-B polymorphism with Ile131Thr variation in exon 4 that affects a putative N-linked glycosylation site of proSP-B. The other SP-B polymorphism, i.e. the length variation of intron 4 (∆i4), has been considered a genetic marker for RDS (13) . In the present study, the association of the SP-A locus with RDS (25) was confirmed, whereas neither the SP-B Ile131Thr nor the SP-B ∆i4 polymorphism associated directly with RDS or with prematurity. Instead of a direct association between the SP-B gene and RDS, the data show that the allele and haplotype association between SP-A genes and RDS was restricted to a subset of infants who carried the SP-B genotype Thr/Thr. Despite the linkage disequilibrium between the SP-B ∆i4 and Ile131Thr polymorphisms, the SP-B ∆i4 alleles or genotypes did not affect the association between SP-A and RDS. Among the infants born before 32 weeks of gestation and having the SP-B genotype Thr/Thr, the SP-A1-SP-A2 haplotype 6A 2 -1A 0 was over-represented and the haplotype 6A 3 -1A 2 under-represented in the RDS group compared with the controls. It was also evident that the associations were strongly dependent on the degree of prematurity. Only the very premature infants, i.e. those born before 32 weeks of gestation, had significant associations between the SP-A alleles and the risk of RDS. Because gestational age was an effect modifier, we propose that there are gestation age-dependent differences in the genetic background of RDS.
The present results are consistent with the previous study of the Finnish population indicating that the SP-A gene locus plays a role in the genetic predisposition to RDS in very premature infants (25) . Substitution of isoleucine for threonine in the SP-B peptide at amino acid 131 results in the loss of a consensus sequence for glycosylation at Asn129. A new finding is that the variation in the SP-B gene affecting the potential N-linked N-terminal glycosylation of proSP-B plays a role in the genetic susceptibility to RDS after very premature birth. Alternatively, the SP-B Ile131Thr variation may be linked to an as yet unidentified variable genetic element that together with the SP-A allelic variants, has a co-operative biological role in the risk of RDS. The study of 107 white RDS infants suggested that there is a synergistic positive association between RDS and a combination of SP-B ∆i4 and SP-A2 allele 1A 0 (14) . In the present study, ∆i4 did not determine the association between the SP-A alleles and RDS. The ∆i4 del/del genotype may be a determinant of the disease association, similar to the Thr/Thr genotype. However, because of the very low frequency of del/del, a considerably larger sample size is required to evaluate the gene-gene interaction in this particular subgroup. The lack of determination by the heterozygous ∆i4 del/* genotype is presumably due to the weak linkage disequilibrium between the intron 4 invariant and Ile/Thr variation. On the basis of the linkage disequilibrium data, the origin of the Ile/Thr variation is likely to be more ancient than the mutation events giving rise to the intron 4 length variation. Instead of ∆i4, the exon 4 Ile/Thr appears to be a determinant of the disease association.
Lamellar bodies (LBs) are alveolar type II cell-specific storage and secretory organelles responsible for the exocytosis of the surfactant complex. Lack of SP-B gene expression results in disturbance of LB morphogenesis, failure of SP-C processing (31, 37, 38) and fatal pulmonary alveolar proteinosis (39) . The N-terminal propeptide is necessary and sufficient for intracellular trafficking of SP-B (40, 41) . Glycosylation of proSP-B at Asn129 in type II cells in vivo has not been resolved with certainty. NCI-H441-4 cells, a Clara cell-derived human adenocarcinoma cell line, have been used as a model to study SP-B processing and secretion. In this cell line, the SP-B genotype was heterozygous Ile/Thr (R. Haataja, unpublished data). In H441 cells, proSP-B is N-glycosylated C-terminally at Asn311, but apparently not N-terminally at Asn129 (42) . On the other hand, there is evidence for glycosylation of both N-(Asn129) and C-(Asn311) terminal propeptides (32, 39) . Appropriate processing of proSP-B to mature SP-B is type II cell-specific (43) . Post-translational regulatory mechanisms have a role in the expression of mature SP-B in type II cells and proSP-B processing in these cells is developmentally and hormonally regulated (44) . Our finding that SP-B Ile131Thr variation is an interactive determinant of RDS susceptibility raises the possibility that the putative N-terminal glycosylation site is important in the folding, sorting or processing of proSP-B by type II alveolar epithelial cells. Although included in the N-terminal propeptide, this site is cleaved before the secretion of mature SP-B into the alveolar space, where it profoundly improves the surface activity of the surfactant phospholipids.
We propose two possible pathways for the SP-B genotypedependent interaction between SP-B and SP-A. Differential folding of proSP-B N-glycosylation variants may affect SP-B secretion and thereby have an influence on the availability of (46) . All glycoproteins are presumed to interact transiently with ER lectins in mammalian cells (47) . N-linked glycosylation is required for the correct folding of many glycoproteins and efficient interaction between the glycoprotein and the folding-assisting chaperone may be affected by the degree of glycosylation (48) . Protein secretion can be regulated by variation of a single N-linked glycosylation site (49) . Whether there are differences in the folding or sorting of proSP-B allelic variants and whether this would affect SP-A post-translationally remains to be studied.
SP-A acts in conjunction with SP-B in maintaining surfaceactive surfactant aggregates in vitro (50) . SP-B and SP-A have a co-operative influence on the surface activity of the extracellular surfactant complex (51) (52) (53) . The role of SP-A appears to be significant in the presence of surfactant inhibitors that are prevalent in very premature infants with RDS (54) . Maintenance of the surface activity (i.e. low surface tension) is required for the prevention of generalized atelectasis, which is the principal pathophysiologic feature in RDS.
Analogous to the present study, interaction between angiotensin-converting enzyme (ACE) and angiotensin-II type 1 receptor (AT1R) gene polymorphisms was found to contribute to the risk of myocardial infarction (55) and early coronary disease (56) , without a direct association between the AT1R polymorphism and the disease. In the near future, new interactions between unlinked genes are likely to be discovered in the aetiology of many other common diseases, such as cancer and osteoporosis. In summary, we propose that interaction between the allelic SP-A and SP-B gene products are a genetic determinant of neonatal RDS. When the SP-B genotype is Thr/Thr, i.e. proSP-B is potentially glycosylated at Asn129, certain SP-A alleles can be regarded as factors causing genetic susceptibility (6A 2 , 1A 0 ) to or protection (6A 3 , 1A 2 ) against RDS. The mechanisms behind this gene-gene interaction remain to be elucidated.
MATERIALS AND METHODS

Blood sample collection and study population
The samples were collected from Finnish prematurely born (<37 weeks of gestation) neonates (n = 707) during the years 1996-1999. The catchment areas were the University Central Hospitals in Oulu (n = 449) and Tampere (n = 149) and the Southern Ostrobothnia Central Hospital in Seinäjoki (n = 109). The geographic regions covered by these hospitals were parts of Northern and Central Finland. Additionally, umbilical cord blood specimens were obtained from 475 infants born at term during 2 months in 1998 in the Oulu University Central Hospital. The ethical committees of the participating centres approved the study. Informed consent was obtained from the parents of the infants.
The clinical data concerning sex, gestational age and maternal and neonatal clinical histories were obtained from the medical records. The diagnosis of RDS was made on the basis of the published clinical, radiographic and/or pathologic criteria, as described (25) . None of the newborns had been treated with surfactant prophylactically. Exclusion criteria were intra-uterine blood transfusion and either parent not being Finnish in origin. Altogether 188 cord blood specimens from infants who developed RDS and 500 specimens from premature infants without RDS were available for analysis.
DNA samples
Genomic DNA was isolated from frozen EDTA-anticoagulated whole blood specimens (0.5-3 ml) using the Puregene DNA Isolation kit (Gentra Systems, Minneapolis, MN). An aliquot of the DNA solution was diluted to 50 ng/µl to be used for PCR amplification. When whole blood samples were not available (n = 70), genotypes were determined using a blood spot dried on a filter paper which was treated as described (25) .
Genotyping of SP-B gene polymorphisms
For SP-B Ile131Thr genotyping, PCR amplification was performed using the forward primer SPBTaaF1, 5′-TGGGGGATTAGGGGTCAGTC-3′, and the reverse primer SPBTaaR1, 5′-CCATGGGTGGGCACAGGGG-3′ (PCR I), followed by nested PCR amplification with the forward primer SPBTaaF2, 5′-GGGGGATTAGGGGTCAGTCT-3′, and the reverse primer SPBTaaR2, 5′-CATGGGTGGGCACAG-GGGC-3′ (PCR II), in 10 µl of reaction mixture containing 50 ng of genomic DNA, 0.2 µM dNTPs (Pharmacia, Peapack, NJ), 0.2 µM each primer, 1× GeneAmp PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 0.001% w/v gelatine; Perkin Elmer, Rockville, MD) and 0.5 U of AmpliTaq Gold DNA polymerase (Perkin Elmer). The PCR cycles consisted of initial denaturation at 94°C for 10 min, followed by 25 (PCR I) or (PCR II) 32 cycles of 94°C for 1 min, 65°C for 40 s, 72°C for 1 min and a final extension at 72°C for 8 min (Thermal cycler PTC-200; MJ Research, Waltham, MA). The 290 bp PCR fragments were digested with the restriction enzyme TaaI (MBI Fermentas, Vilnius, Lithuania) and analysed on agarose gels. Genotyping of the SP-B ∆i4 polymorphism was performed using a PCR fragment amplified by the forward primer SPBi4F, 5′-CTGGTCATCGACTACT-TCCA-3′, and the reverse primer SPBi4R, 5′-TGAAG-GGCACGTAGTTTCCTA-3′. The conditions for genotyping have been described (25) . The resulting 240-660 bp PCR fragments were analysed in ethidium bromide-stained LE or NuSieve GTG agarose gels. For sequencing of the SP-B alleles, the PCR fragments were ligated into pGEM-T Easy (Promega, Madison, WI) before analysis with the ABI Prism 377 DNA sequencing system. 
SP-B haplotyping
SP-B ∆i4-Thr131Ile haplotypes were determined on the basis of ∆i4 and Thr131Ile genotypes. For double heterozygotes, the haplotypes were obtained by preferential amplification of the shorter ∆i4 allele, followed by digestion with TaaI and analysis on agarose gels. The PCR conditions for haplotype verification were as follows: 15 µl of reaction mixture containing 50 ng of genomic DNA, 0.2 µM dNTPs, 0.2 µM primers SPBi4F and SPBi4R, 1× GeneAmp PCR buffer and 0.75 U of AmpliTaq Gold DNA polymerase. The PCR cycles were initial denaturation at 94°C for 10 min, followed by 32 cycles of 94°C for 10 s, 60°C for 30 s and a final extension at 72°C for 5 min.
Genotyping of SP-A gene polymorphisms
Genotyping of SP-A1 and SP-A2 genes was carried out as described (25) . The PCR-cRFLP method based on converted PCR primers (22) 
Statistics
Comparisons of allele frequencies were performed by twotailed χ 2 tests. Allele distributions were compared by 2 × k tables and frequencies of individual alleles by 2 × 2 tables. To avoid type I errors in final conclusions, the multiple comparisons were corrected by multiplying the statistically significant P values by the number of pairwise comparisons being made. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to assess the relative disease risk conferred by a particular allele, haplotype and genotype. Fisher's exact test was used when the expected value was <5. The significance of linkage disequilibrium between SP-B polymorphisms was estimated using χ 2 analyses by comparing the observed and expected haplotype distributions. The expected SP-B haplotype distribution was calculated on the basis of the observed allele frequencies. The observed genotype frequencies were compared with the expected Hardy-Weinberg distributions by χ 2 analyses. The HOR test was used to evaluate whether the length of gestation or the SP-B genotype was an effect modifier, i.e. whether the risk of RDS by a given SP-A allele or haplotype is the same across all strata of gestational age or SP-B genotype and whether the data should be analysed separately in subgroups (57, 58) . Multiple logistic regression analyses were performed to investigate whether the heterozygosity or homozygosity of particular alleles explained the risk of RDS. ORs of allelic variables and confounders for RDS (gestational age at birth, antenatal maternal steroid treatment and gender) were included in the analyses with forced entry and were estimated using logistic regression models, where the presence or absence of RDS was the dependent variable. The software used for computations included SPSS for Windows (for basic statistical calculations and logistic regression analysis), Arcus Quickstat (for χ 2 analysis and Fisher's exact test) and StatXact for Windows (for HOR test). P values of <0.05 were considered to be statistically significant.
